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PROCESS FOR OBTAINING A SYNTHETIC ORGANIC AROMATIC HETEROCYCLIC 
ROD FroER OR FILM WITH HIGH TENSILE STRENGTH AND/OR MODULUS 

BACKGROUND 

lOOOll The invention pertains to a fiber or film and a process for obtaining a 
synthetic aromatic heterocyclic rod organic fiber or film with high tensile strength and/or 
modulus. 

100021 For many high-tech appUcations it is important to use fibers and films with 
high tensile strength and/or modulus. These so-called high-performance fibers or fihns may 
be organic-based (e.g. para-aramid fibers and films or carbon fibers) or inorganic (e.g. E-glass 
fibers, silicon carbide fibers). Th e y find apphcatio n These hi^h performance fibers or films 
are used in numerous specialty products for automotive, aerospace and ballistic applications, 
reinforcement of constructions, offshore exploration, protective apparel, sports equipment, 
and thermal insulation. Each type of high-performance fiber or fihn excels in certain niche 
applications. 

[0003] A special type of high performance fibers or films is high-modulus high- 
tenacity fibers or fihns. Organic members of this group contain covalent (one-dimensional) 
chains that are held together by intermolecular interactions. Typical examples are ultra-high- 
molecular weight poly ethylene (UHMW PE) like Dyneema® and Spectra®, para-aramids 
like Kevlar®, Technora® and Twaron®, aromatic homocyclic polyesters like Vectran®, and 
aromafic heterocychc rods lik^^BQ - polyfr-phenYlene benzobisoxazole ("PBO") (Zylon®) 
and PTPP r^iyfp^^H^hicimiHaznle TTIPD"^ (M5) based on pyridobisimadazole. 

[0004] PBO combines high modulus and tenacity with good thermal properties and 
flexibility, making it suitable in balUstics, flame resistant work wear for fire fighters and heat 
resistant felts. Application in structural composites, however, is limited by its low 
compressive strength. The new fiber or film M5 is a PBO-like fiber or film with significantly 
improved compression behavior. 

[0005] Up to now it is-was beUeved that the above fibers or films span an 
impressive range in tensile properties, some of them even within one fiber or film type. 
Nevertheless, when the tensile strengths could be increased fiirther, a substantial 
improvement could be obtained, even making available new applications that are not yet 
possible with the existing high-performance fibers or fihns. For PIPD the conventional 



technique of spinning, air gap drawing, and heat treatment has been described in EP 
0,696,297, which technique is considered the closest prior art. 

[0006] — It was now found that a substantial incr e as e of t e nsil e str e ngth, up to a factor 

2 or e ven mor e , and an incr e as e of th e modulus was obtainod by using a novel proc e ss for 
obtaining a s ynth e tic organic aromatic h e t e rocyclic rod fib e r or film with high t e nsil e strength 
and/or modulus comprising spinning a synth e tic organic polym e r to a aromatic h e t e rocyclic 
rod fiber or obtaining th e s ynth e tic organic polym e r as an aromatic h e t e rooyolio rod film (for 
instance by molding or by using a doctor's blad e ), follow e d by loading th e fib e r or film in th e 
pr e s e nc e of a proc e ssing aid, at a t e mp e ratur e b e low th e boiling point of th e proc e ssing aid 
and abov e 50° C, at a t e nsion of 1 0 to 95 % of th e fib e r or film breaking str e ngth, follow e d 
by r e moving the proc e ssing aid and/or p e rforming a h e ating st e p at a t e nsion of 10 to 95 % of 
th e fib e r or film br e aking str e ngth- 

[0007] According to the existing methods, the orientation and the modulus of fibers 
and films is improved by a heat treatment under tension. So, for instance, an oven is used for 
fibers, which consists of a (quartz) tube. Into the tube, slightly above the bottom, a flow of 
nitrogen is introduced. Its flow rate can be controlled and it can be heated. The nitrogen flow 
is used to heat the fiber and in addition serves as an inert atmosphere. The fiber is suspended 
fi-om an upper-clamp, through the oven. To its lower end, a weight is connected which 
applies the tension during the treatment. Both, oven and upper-clamp are moimted to a solid 
fi-ame. The second clamp (the under-clamp) was mounted on the fi-ame, below the first clamp 
(upper-clamp) and the heating zone. With this under-clamp closed, the length of the piece of 
fiber in the device is fixed and does not change during the treatment. Further, a facility to 
cool down the nitrogen flow to temperatures below room temperature was introduced. 

[0008] According to the prior art methods a specific after-treatment can be carried 
out as follows. For instance, as-spun PIPD fiber, conditioned at 21° C and a relative humidity 
of 65 %, was clamped into the device as described above. Initially, no tension was applied. 
Then, the tension was applied and subsequently the fiber was subjected to one, but preferably 
more treatments at different temperatures. The best results were achieved with a tension of 
300 mN/tex and three periods of heating of 30 sec, at 150° C, 350° C, and 550° C, 
respectively. For the evaluation of the mechanical properties, only the part of the fiber was 
used that was in the heated area of the oven. 

SUMMARY 



[0009] Tt is now found that a substantial incr e ase of tensile strength, up to a factor 2 
nr even more, and an increase of the modulu s mav be obtained by using a novel process for 
nht;,ining a svnthetic organic ar omatic heterocv chc ro d fi b er or film with high tensile strength 
and/or modulus comprising spinning a synt h etic organic polymer to an aromatic heterocyclic 
rod fiber or obtaining the svnthetic organ i c polvmer as an aromatic heterocyclic rod film (for 
instance bv molHinP or bv using « doctor's blade \ foll owed by lo ading the fiber or film in the 
presence of a processing aid, at « temnerature b e lo w t h e boilinp p oint of the processing aid 
and above -50° C. at a tension of 10 to 95 % of the fiber or fihn breaking strength, followed 
bv remoying the processing aid and/or per fo rming a heating step at a tension of 10 to 95 % of 
the fiber or film breaking strength. 

[0010] According to one, embodiment of t he invention initially no tension was 
applied. Then subsequently, the fiber can optionally be cooled down, preferably at room 
temperature, and more preferably lower than 20° C, for instance to 5° C, a tension was 
applied to the fiber or film (for instance, about 800 mN/tex) and this tension and temperature 
were maintained for a short period, usually less than 1 min, for example for 6 sec. Thereafter, 
the under-clamp was closed i.e. the strain (elongation) of the fiber or film was fixed and heat 
treatinent was started. In this particular case the temperatiire was raised, for instance from 5° 
C to 500° C in 1 to 600 sec, or preferably at room temperatiire to 350° C in 10 to 300 sec. 

[001 1] The mechanical properties of tiie fibers measured are filament properties. 
They are determined for 25 to 75 filaments by means of a Favimat™ (Textechno, 
Monchengladbach, Germany). The average values of the breaking tension and the modulus 
of the filaments were found to be 3600 mN/tex and 320 GPa, respectively, measured as the 
average of 25-75 measurements on 25-75 filaments or on 25-75 parts of one or more filament. 
The original strength and modulus of the filaments was 2100 mN/tex and 170 GPa 
respectively. For films the measurements were done similarly as is known the skilled person. 
DETAILED DFSCRIPTION OF EMBOD IMENTS 
[00121 In a preferred embodiment the process for making a fiber or film is fiirther 
improved when the spun fiber is subjected to a treatment step with the processing aid in the 
gas or vapor phase at a temperatiire between 50° and 300° C, preferably between 80° and 100° 
C, between the loading and heating step, at a tension of 10-95% of the fiber or film breaking 
strength. This treatment witii tiie processing aid in the gas or vapor phase enables the use of 
lower tension at the subsequent steps, thus leading to less breakage and less fluffs. 
Particularly, the loading step is then performed at lower tension with the same result of higher 



tension loading without applying the treatment with the processing aid in the gas or vapor 
phase, or at the same tension with higher tenacity and/or modulus than without applying the 
treatment with the processing aid in the gas or vapor phase. The treatment step with the 
processing aid in the gas or vapor phase and the heating step can be performed as a combined 
step wherein the fiber or film is first treated with the processing aid in the gas or vapor phase, 
followed by heating the fiber or film. 

[00131 The method of the invention can be used for any aromatic heterocyclic rod 
fibers and films, more preferably PBO and PIPD. The linear density of the filaments is 
preferably 0.1 to 5000 dtex, for multifilaments preferably 0.5 to 5 dtex. more preferably 0.8 to 
2 dtex. 

[0014] The fibers contain one (monofilament) or at least two filaments 
(muhifilament), specifically 2 to 5000, and more specifically 100 to 2000. Fibers with about 
1000 filaments are commonly used. 

[00151 The processing aid may be any inert liquid, such as water, acid (e.g. 
phosphoric acid, sulfiiric acid), base (e.g. ammonia), aqueous saU solutions (e.g. sodium 
chloride, sodium sulfate), and organic compounds (e.g., ethanediol, methanol, ethanol, NMP). 
The processing aid is preferably an aqueous solution, and with more preference water. When 
the processing aid is water, the processing aid in the gas or vapor phase is steam. 

[00161 For tho mothod of the invontion prcforably Acrordin ff to one embodiment, as- 
spun fiber or as-obtained film, not having received any substantial thermal mechanical after- 
treatment, is preferably u sed. When the fiber is produced by wet spinning or the fihn by 
molding, doctor's blade, or the like, and water or an aqueous solution is used as the 
coagulation medium and/or water or an aqueous solution is used for neutralization and 
washing, the as-spun fiber or as-obtained film may contain up to more than 100 wt.% of water 
and after conditioning at 21° C and a relative humidity of 65 %, the water content of the as- 
spun fiber or as-obtained film may be more than 5 wt.%, typically more than 8 wt.%. hi the 
case of PIPD the moisture content of the as-spun fiber or as-obtained film after conditioning 
is about 20-24 wt.% (based on dry polymer). 

[00171 The tension applied during loading and the optional treatment with the 
processing aid in the gas or vapor phase is 10 to 95 % of the breaking strength of the fiber or 
film, which is higher than the conventionally used tensions. For instance, in a conventional 
spinning process of PIPD fibers the loading before drying does not exceed 5 % of the 
breaking strength of 2100 mN/tex. More preferably, tiie tension is at least 15 % and not more 



than 80 %, most preferably 25 to 60 % of the breaking strength of the as-spun fiber. For film 
film, similar tensions are used. If the treatment with the processing aid in the gas or vapor 
phase (for instance a steam treatment) is used the tension during this treatment is preferably 
60-90% of the tension as used during the loading step. Preferably, the treatment with the 
processing aid in the gas or vapor phase is performed at constant length. Treatment times are 
between 0.1 sec and 1 h, preferably fi-om l_sec to 300 sec. 

[0018] The temperature upon loading is below the boiling point of the processing 
aid and at least -501C, preferably at least -18" C, and may be near or just above the 
temperature at which the local thermal transition of the fiber or film starts as determined with 
DMTA. A practical temperature is room temperature. Preferred temperatures are within the 
range between OIQ and 20° C. For PIPD the local transition temperature starts at about -50° 
C. Typical loading times before heating are 0.1_sec to 1000 sec. 

[0019] The heating step includes a temperature above the boiling point of the 
processing aid and may proceed at one temperature or in stages at different temperatures, at 
atmospheric pressure, at elevated pressure, or, at reduced pressure to promote the removal of 
the processing aid fi-om the fiber or film. The heating step is preferably performed at a 
temperature of 100° C up to 50° C below the meUing or decomposition temperature of the 
fiber, e.g. in the case of PIPD and PBO 1201C to 450° C, more preferably 125^ to 350° C, 
and most preferably, 1301C to 250° C for a time between 0.1 sec to 1 h, preferably 1^ to 
300 sec. To prevent breaking of the fiber or fihn at high temperatures, it may be necessary to 
decrease the loading gradually during the heating step. In a preferred embodiment the 
processing aid is removed simultaneously with performing the heating step. 

[0020] The invention fiirther pertains to a synthetic organic PIPD fiber with a linear 
filament density between 0. 1 and 500 dtex and a tensile strength higher than abouL3200 
mN/tex. 

[0021] Preferably the tensile strength is higher than.3300 mN/tex, more preferably 
higher than 3500 mN/tex. The invention also pertains to a synthetic organic film wherein the 
modulus of the film is at least 14 GPa, preferably at least 20 GPa. 

[0022] Favimat measurements were performed as jeHewsr follows: 
25-75 filaments were randomly selected fi-om a piece of 100 mm of a fiber and 
suspended in the fiber magazine of a Favimat (Textechno, Monchengladbach, Germany) with 
pre-tension weights of 50 mg. From each filament the fineness and its force-elongation curve 
were determined automatically, using the following test conditions: 
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91 o p 

temperature -^^ ^ 

relative humidity 

gauge length 25.4 rmn 

fiber count pre-tension 1 0 cN/tex 

clamp speed 2.54mm/min 

[0023] As values for the mechanical properties, the average values of the properties 
of the filaments were taken. The following results were obtained: 
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